AbstrAct
Objectives Syphilis infection persists globally contributing to preventable and treatable morbidity and mortality. How extensive early syphilis disseminates is unknown. To better understand the relationship between early syphilis infection and inflammation over time, our study enrolled six individuals recently infected with syphilis for sequential positron emission tomography (PET) scans. Methods We evaluated a case series of six individuals with high syphilis titres (two secondary, two early latent and two latent, unknown duration, but with high titre) who received sequential PET scans to assess inflammation over time and its response to treatment. results At time of PET scan, four of the six individuals were co-infected with HIV. One of the four was not on antiretroviral therapy and three of the four were not virally suppressed (viral load of >400 copies/mL). Baseline rapid plasma reagin (RPR) titres ranged from 1:64 to 1:256 (four of the six participants had prior nonreactive RPR results). Five of the six participants had mild to intense hypermetabolic PET scan activity consistent with cervical (n=5), axillary (n=4), inguinal (n=5) and retroperitoneal (n=1) adenopathy. Mild hypermetabolic activity in the thoracic aortic wall, suggesting aortitis, was present among the same five participants and resolved within 30 days for four of the five participants and 60 days for the other participant. However, widespread lymphadenopathy remained present in PET scans up to 3 months following treatment in two participants. We did not find any abnormal PET scan activity of the central nervous system. conclusion We found abnormal aortic wall PET scan activity suggesting aortitis to be common in a case series of patients with early syphilis. In research settings, PET scans may be a sensitive tool to monitor inflammation associated with syphilis.
bAckgrOund
Globally, it estimated that there are approximately 6 million new cases of syphilis each year. 1 In the United States, incidence of syphilis infection is rising dramatically, especially among men who have sex with men.
2 After the initial infection, Treponema pallidum can spread to become a systemic infection. T. pallidum disseminates early within the body and localises within the richly vascularised periosteum and bone marrow. 3 Involvement of the aortic root is the most common manifestation of cardiovascular syphilis. In 1926, in his seminal work on the natural history of syphilis, Stokes reported on 200 cases of syphilis and aortic disease. 4 Similar reports of aortitis and syphilis were described again in 1942. 5 However, the clinical manifestations of untreated syphilis due to chronic inflammation with resultant fibrosis can impact almost any body system.
Prior individual case reports have described the detection of syphilitic aortitis with imaging techniques like computer tomography scans, MRI and echocardiography. [6] [7] [8] [9] A few case reports have used positron emission tomography (PET) scans to describe syphilitic aortitis; however, they did not comment on timing of infection. [8] [9] [10] [11] [12] One case report showed likely syphilitic aortitis in a patient with syphilis and HIV co-infection who had been symptomatic for 2 months but did not comment when the initial infection may have taken place. 7 Another case report of probable syphilitic aortitis was detected with PET scan in an individual infected with HIV who acquired syphilis within the 3 months prior to imaging, which gives indication that syphilis may be associated with aortitis earlier than currently thought. 12 The current hypothesis of the pathophysiology of syphilitic aortitis suggests that T. pallidum causes aortic disease 10-20 years after primary syphilis infection 2 13 14 with resultant irreversible cardiovascular damage. To further assess the role of syphilis and inflammation in early infection, we enrolled a case series of individuals with early syphilis infection using sequential PET scans to assess PET scan activity overtime and its response to treatment.
MethOds study population
The PICASSO cohort was recruited in Lima, Peru, from May 2013 to May 2014. We recruited men and transgender women age >18 years who were sexually active with men, who were likely to acquire syphilis and who were willing to return for quarterly clinical visits. Over 2 years of follow-up time, participants attended quarterly clinical visits, where they received clinical examinations, completed surveys and received counselling and serological testing for syphilis and HIV infection. Within the main study, we decided to investigate the impact of early syphilis on aortic and vascular disease and invasion into the central nervous system through PET scan. Eligibility criteria included patients with early syphilis infection, defined as having recently acquired syphilis infection (at least a quantitative rapid plasma reagin (RPR) titre of 1:64 or greater along with seroconversion from negative RPR titre to reactive RPR titre, 4-fold rise in quantitative RPR titre or clinical findings consistent with primary or secondary syphilis). After recruiting four patients infected with HIV, investigators included additional criteria that the patient must be HIV uninfected to create balance in the case series between individuals infected with HIV and those not infected. In total, study staff contacted 12 participants from the main study who were diagnosed with early syphilis. Of those, six participants (50%) consented to participate in the substudy and receive PET scans at baseline and at 30 and 90 days after diagnosis and treatment. The benchmark for the PET scan was the diagnosis date. For PET scans, F-18 FDG was injected intravenously and imaging was obtained using standard whole body protocol. PET scans were obtained on a Siemens Biograph LSO HD Truepoint 6 in Lima, Peru, and were analysed blinded by participant identity and date at the University of California Los Angeles Medical Center, Los Angeles, California, by a second reviewer and a physician specialist in PET scan analyses (PG).
Laboratory testing
Study participants were assessed for syphilis infection with RPR testing (BD Macro-Vue RPR Card Test Kit, Beckton Dickinson, Franklin Lakes, New Jersey) and quantitative treponemal pallidum particle agglutination testing (TPPA Serodia, Fujirebio Diagnostics, Tokyo, Japan) using a cut-off value of >1:80. Study participants who were HIV uninfected were re-tested for HIV during each study visit with HIV Ag/Ab EIA fourth-generation sera tests (Genscreen ULTRA HIV Ag-Ab, Bio-Rad, Hercules, California). Western blot testing (NEW LAV BLOT I, Bio-Rad, France) was conducted for confirmation of all specimens that had a reactive HIV test according to the Peruvian national testing standards. 16 During the PET scan visit, participants with HIV infection were asked to report their most recent CD4 T cell count and viral load. Rapid point-of-care tests were also used to diagnose participants with syphilis (Alere Determine Syphilis TP, Alere, Waltham, Massachusetts, USA) and HIV (Alere Determine HIV 1/2, Alere, Waltham, Massachusetts, USA) at each study visit. Our study did not find any discrepancies in the point of care when compared with standard serological tests for syphilis.
treatment
Participants who were diagnosed with syphilis or HIV infection received post-test counselling, treatment for syphilis and/or referral for HIV care and treatment. Following the Peruvian Ministry of Heath protocol, participants who were diagnosed with syphilis were requested to inform their sex partners. A single benzathine penicillin G 2.4 million unit injection was administered on-site for early syphilis treatment for all patients according to Centers for Disease Control and Prevention and Peruvian national guidelines. 17 
ethics statement
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resuLts
We enrolled six participants (five men and one transgender woman) with newly diagnosed early syphilis with and without HIV infection. The median age of participants was 33 years (range: 21-50). The mean difference between the syphilis diagnosis date and the PET scan date was 2.6 days. Around the 3-month visit, the baseline median difference from the study visit (and RPR test) to the PET scan was less than 1 day (range: −11 to 5 days). In two cases, treatment was provided prior to the scan (3 days and 9 days prior in those cases); in the other four cases, the treatment was the same day. At time of PET scanning, four of the six participants were co-infected with HIV and one of the four was not on antiretroviral therapy (ART). Three of those four individuals were not virally suppressed (defined as having a viral load of <400 copies/mL).
Baseline RPR values ranged from 1:64 to 1:256. In one case, the participant's prior study visit showed a non-reactive RPR titre. In another case, the RPR titre at the last study visit (3 months prior) was 1:4. Two other participants had high titres but had missed recent study visits, so their most recent RPR titre while non-reactive was more than 12 months prior. As such, according to US Centres for Disease Control (Centers for Disease Control and Prevention) definitions, we classified those two as having latent syphilis of unknown duration because they did not have any clinical symptoms and we describe them in this report as having suspected early syphilis infection. The remaining two cases were enrolled without known prior RPR titres but had high RPR titres (1:64 and 1:128) and abnormal clinical findings consistent with secondary syphilis: a characteristic rash on their hands and the bottom of their feet or the presence of abnormal oral mucosal lesions that resolved at the first follow-up visit after penicillin therapy. Below table 1 shows the baseline characteristics of the cases including serum RPR titres, HIV status, HIV viral load and CD4 T cell count.
Five participants had mild to intense hypermetabolic activity present on the baseline PET scan, consistent with cervical (n=5), axillary (n=4), inguinal (n=5) and retroperitoneal (n=1) adenopathy. The same participants had increased metabolic activity in the ascending and descending thoracic aortic wall, suggestive of aortitis. The hypermetabolic activity in the ascending and descending thoracic aortic wall resolved within 30 days for four of the five participants and 60 days for the other participant. However, the widespread metabolic activity consistent with lymphadenopathy persisted longer and remained present on the PET scan up to 3 months following treatment for two of five of the participants. Those two participants were HIV infected, and both were virally unsuppressed (participant #4 was on ART, and participant #2 was not on ART). Those two participants demonstrated at least a 4-fold decline in RPR titres after treatment. Unfortunately, our study did not collect data on cardiovascular risk factors, other co-infections like viral hepatitis or autoimmune disorders One participant with early latent syphilis did not have any abnormal PET scan activity (participant #3). His RPR titre was 1:64 at baseline and 1:8 3 months later. That patient had been on ART since 2006 and reported being virally suppressed (undetectable). In his five prior study visits, he consistently self-reported high CD4 T cell counts (>500 cells/mL) and undetectable viral loads. None of the patients had concomitant fever, malaise or arm claudication with their abnormal PET findings.
Finally, none of the participants showed increased focal cortical, cerebrovascular or meningeal metabolic activity, which is suggestive of central nervous system inflammation on PET clinical scan. Three months later, five participants were examined again (one participant did not have a serological follow-up in the study). Among those participants, all had at least a 4-fold decline in RPR titre supporting an adequate treatment response. None of the participants had aortitis present on the 30-day or 90-day PET scan after treatment. The table 1 shows the PET scan results for each participant over time.
dIscussIOn
Our study found increased PET scan activity consistent with diffuse lymph adenopathy and aortitis among five participants with early syphilis (two suspected early syphilis) infection in Lima, Peru. We found that the majority of participants had adenopathy, and two of the six participants had persistent adenopathy on the PET scans 3 months after treatment with benzathine penicillin G. In the five participants that had PET scan activity consistent with aortitis, the abnormal findings resolved following effective treatment as evidenced by a 4-fold decline in titres. We observed that, in participants with early syphilis infection with and without HIV co-infection: (1) disseminated inflammation was present early in syphilis infection as shown by multi-site adenopathy on PET scans and (2) mild aortitis in five of six participants. Given that we found evidence on PET scan of widespread inflammation including aortitis among individuals with a diagnosis of early syphilis and resolution with treatment for syphilis infection, we confirm what other studies have shown that likely early or recently acquired syphilis infection has systemic implications. 18 19 More research is needed to understand if there are increased long-term cardiovascular risks given the aortic inflammation associated with early syphilis. Here we propose that, in early syphilis infection, T. pallidum quickly becomes systemically disseminated and, in our case series, about 80% had evidence of syphilitic aortitis within months of primary infection. Before the widespread use of penicillin, it was estimated that syphilis contributed to 10% of cardiovascular disease 16 ; it is important to further investigate if new, untreated or recurrent syphilis infections lead to increased risk of cardiovascular disease changes caused by infection. In addition, we have demonstrated on a small scale that adenopathy and aortitis resolve shortly after treatment with benzathine penicillin G in those with and without co-infection of HIV, providing additional evidence that the inflammatory activity found on PET imaging was truly associated with syphilis infection.
Of note, four of the six participants were co-infected with HIV. Of those four, three were not virally suppressed (two of the three were on ART), and the one virally suppressed patient had no reactivity on PET scanning. Because HIV infection may result in diffuse lymphadenopathy as well, we hypothesise that having achieved viral suppression also contributed to the lack of lymphadenopathy in this patient, though more research is needed in a larger cohort to confirm this hypothesis.
Our findings are in agreement with observations reported in prior case reports. In 2005, Kosters et al reported a case of widespread lymphadenopathy and aortitis in a participant with early syphilis infection co-infected with HIV using PET scan imaging. 8 Kosters et al suggested that early aortic involvement might occur more often than thought, which is supported by the findings in our study. In addition, neurosyphilis infection can occur during any stage of syphilis 4 ; however, on PET scan in our case series, we did not find any evidence of inflammation in the central nervous system. Neuroinflammation may be difficult to detect, however, on PET scanning due to physiologic cerebral metabolic activity.
Implications of our findings on the clinical management of early syphilis are unclear. Since all participants were treated, we do not know whether or not or how long the aortic inflammation would resolve without treatment. Other complications of early syphilis due to dissemination such as ocular syphilis and neurosyphilis are devastating but are uncommon (<2%). 4 Clinicians should be aware that early dissemination of syphilis occurs with some frequency though some manifestations may indeed be transient and resolve with treatment.
Limitations of this study include that it was a case series of only six participants, which may limit the generalisability of our results. Further, four of six participants were co-infected with HIV, of which three were on ART and one was virally suppressed (viral load: <400 copies/mL). In addition, HIV-associated immune dysregulation or other co-infections may alter inflammatory response and PET scan findings. Strengths of the study include the case series design that used serial PET scans over time to monitor systemic inflammation in syphilis infection, and the PET scan interpretation was blinded by HIV infection, treatment status and time.
cOncLusIOn
We found evidence of diffuse adenopathy and transient aortitis among a case series of patients with early syphilis infection. PET scans might be a sensitive tool to monitor inflammation associated with syphilis, particularly in research settings. Vascular involvement resultant from syphilis may be quite frequent. However, we do not know the consequences of syphilitic aortitis if the infection goes untreated. Our findings support the utility of PET scanning for the evaluation of syphilis-associated inflammation. More research may be needed to understand the clinical implications of our findings.
key messages
► We enrolled six individuals with early syphilis infection who received sequential positron emission tomography (PET) scans to assess inflammation over time and its response to treatment. ► We found abnormal PET scan activity in the thoracic aortic wall among five of six participants which resolved after treatment. ► Abnormal PET scan activity consistent with widespread lymphadenopathy remained up to 3 months following treatment in two participants. ► In research settings, PET scans may be a sensitive tool to monitor inflammation associated with syphilis.
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